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Description
Technical Field

[0001] The present invention relates to a recombinant vector for transformation that increases glutamine productivity,
and a strain into which the same has been introduced.

Background Art

[0002] The activity of glutamine synthetase (GS) is regulated by glutamine synthetase adenylyltransferase (ATase,
glnE). ATase regulates the activity of GS by catalyzing adenylation and deadenylation of GS, and is affected by the
nitrogen concentration in medium. The activity of ATase is regulated by PII (nitrogen regulatory protein P-Il gene, gInB).
FIG. 1 shows a mechanism in which the activity of GS is inhibited by the activation of Pll and ATase when the nitrogen
concentration is high. Thus, when a nitrogen source is supplied to produce glutamine, a problem arises in that the activity
of GS is feedback-inhibited by the supplied nitrogen source, resulting in reduction in glutamine production.

[0003] Thus,inordertoincrease the efficiency of glutamine production, itis required to suppress the feedback inhibition
of GS caused by ATase. Japanese Patent No. JP4898441 discloses a strain in which glutamine production is increased
by inhibiting the activities of ginB and gInE genes involved in the inhibition of GS activity, but there is still room for
improvement.

[Prior Art Documents]

[0004] (Patent Document 0001) Japanese Patent No. JP 4898441 B2 (January 6, 2012)
DISCLOSURE

Technical Problem

[0005] One embodiment provides a glutamine-producing strain comprising a vector containing a nucleotide sequence
encoding a glutamine synthetase (GS) consisting of the amino acid sequence of SEQ ID NO: 1.

Technical Solution

[0006] One aspect provides a vector for transformation containing a nucleotide sequence encoding a glutamine syn-
thetase (GS) consisting of the amino acid sequence of SEQ ID NO: 1.

[0007] The glutamine synthetase is an enzyme that synthesizes glutamine from glutamate and ammonia. Since the
extent to which the activity of the glutamine synthetase consisting of the amino acid sequence of SEQ ID NO: 1 is
inhibited by ATase is lower than that of a glutamine synthetase consisting of another sequence is inhibited by ATase,
the glutamine synthetase having the amino acid sequence of SEQ ID NO: 1 may increase glutamine productivity.
[0008] According to one embodiment, the nucleotide sequence encoding the glutamine synthetase may consist of the
nucleotide sequence of SEQ ID NO: 2.

[0009] According to one embodiment, the glutamine synthetase consisting of the amino acid sequence of SEQ ID NO:
1 and the gInA gene consisting of the nucleotide sequence of SEQ ID NO: 2 may be derived from a Corynebacterium
glutamicum strain deposited under accession number KFCC10694. According to one embodiment, as a result of com-
paring the homology between the gInA sequence derived from KFCC10694 and the ginA sequence derived from another
Corynebacterium glutamicum strain ATCC13032, it was confirmed that the nucleotide sequence homology was only
88.2% and the amino acid sequence homology between glutamine synthetases expressed from the genes was only
93.7%. Due to this sequence difference, the extent to which the activity of the glutamine synthetase derived from
KFCC10694 is inhibited by ATase may differ from the extent to which the activity of the glutamine synthetase consisting
of the other sequence is inhibited by ATase.

[0010] According to one embodiment, the vector for transformation may contain a promoter operably linked to the
nucleotide sequence encoding the glutamine synthetase. The term "operably linked" means that a gene to be expressed
is functionally linked to regulatory sequence(s) therefor in a manner that allows for expression of the gene. When the
expression level of GS is increased by the promoter, the feedback inhibition of GS by ATase may be suppressed, thereby
increasing glutamine productivity. The promoter may be a constitutive promoter or an inducible promoter. For example,
the constitutive promoter may be Pogop, Papres P1gos Psod: Pdapas Pporgs Pives PLios Pros Pites Pist: Phso, of Phss, and
the inducible promoter may be P|,cyys, Piacs Pires F’popB’ PaceA/aces: F’gntP/gntK’ PcJ1ox2: Ptac-ms Pmaiet, Or Peap- According
to one embodiment, the promoter may be a superoxide dismutase (Pg,4) promoter. The vector for transformation may



10

15

20

25

30

35

40

45

50

55

EP 4 130 255 B1

contain an expression regulatory sequence such as an enhancer.

[0011] According to one embodiment, the vector for transformation may contain a transcription terminator sequence
operably linked to the nucleotide sequence encoding the glutamine synthetase. According to one embodiment, the
transcription terminator sequence may be an rrnBT1T2 sequence.

[0012] The vector for transformation vector may contain, as a selection marker, an antibiotic (e.g., neomycin, carbe-
nicillin, kanamycin, spectinomycin or hygromycin, etc.) resistance gene (e.g., neomycin phosphotransferase (nptll) or
hygromycin phosphotransferase (hpt), etc.).

[0013] Examples of the vector include, but are not limited to, a plasmid vector, a cosmid vector, a bacteriophage vector,
a viral vector, and the like.

[0014] Another aspect provides a strain transformed with the vector for transformation.

[0015] According to one embodiment, the transformed strain may be a strain in which the native gInA gene has been
inactivated. The term "native" refers to a gene naturally possessed by the microorganism. The term "inactivation" refers
to any genetic modification resulting in the impairment of transcription or translation of the gene of interest or activity of
the gene product, and may include inactivation of a promoter. This gene-specific inactivation may be performed by a
method established in the art. For example, the gene-specific inactivation may be performed by gene deletion, gene
truncation by insertion of a heterogeneous sequence, nonsense mutation, frameshift mutation, missense mutation, or
the like.

[0016] According to one embodiment, the transformed strain may be a strain in which the native gInE gene has been
inactivated. When the expression of the native gInE gene is reduced or lost, the expression of ATase, which inhibits the
activity of the glutamine synthetase, is reduced, and thus the glutamine productivity may be increased.

[0017] According to one embodiment, the transformed strain may be a Corynebacterium sp. strain, for example, a
Corynebacterium glutamicum strain deposited under accession number KFCC10694.

[0018] The transformation may be performed using a suitable vector introduction technique selected depending on
the host cell, as is known in the art. For example, vector introduction may be performed by electroporation, heat shock,
calcium phosphate (CaPQ,) precipitation, calcium chloride (CaCl,) precipitation, microinjection, polyethylene glycol
(PEG) method, DEAE-dextran method, cationic liposome method, lithium acetate-DMSO method, or combinations there-
of.

[0019] Still another aspect provides a method for producing glutamine comprising a step of culturing the transformed
strain.

[0020] The culturing may be performed using a suitable medium and culture conditions known in the art, and any
person skilled in the art may easily adjust and use the medium and the culture conditions. Specifically, the medium may
be a liquid medium, without being limited thereto. Examples of the culturing method include, but are not limited to, batch
culture, continuous culture, fed-batch culture, or combinations thereof.

[0021] The medium should meet the requirements of a specific strain in a proper manner, and may be appropriately
modified by a person skilled in the art. For example, for the culture medium for the Corynebacterium sp. strain, reference
may be made to a known document (Manual of Methods for General Bacteriology, American Society for Bacteriology,
Washington D.C., USA, 1981). In addition, the medium may contain various carbon sources, nitrogen sources, and trace
element components. Examples of carbon sources that may be used include: saccharides and carbohydrates such as
glucose, sucrose, lactose, fructose, maltose, starch, and cellulose; oils and fats such as soybean oil, sunflower oil, castor
oil, and coconut oil; fatty acids such as palmitic acid, stearic acid, and linoleic acid; alcohols such as glycerol and ethanol;
and organic acids such as acetic acid. These substances may be used individually or as a mixture. Examples of nitrogen
sources that may be used include peptone, yeast extract, meat extract, malt extract, corn steep liquor, soybean meal,
urea, or inorganic compounds such as ammonium sulfate, ammonium chloride, ammonium phosphate, ammonium
carbonate, and ammonium nitrate. The nitrogen sources may also be used individually or as a mixture. Examples of
phosphorus sources that may be used include potassium dihydrogen phosphate or dipotassium hydrogen phosphate
or the corresponding sodium-containing salts. The culture medium may contain metal salts such as magnesium sulfate
or iron sulfate, which are required for growth. In addition, the culture medium may contain essential growth substances
such as amino acids and vitamins. Moreover, suitable precursors may be used in the culture medium. The medium or
individual components may be added to the culture medium batchwise or in a continuous manner by a suitable method
during culturing.

[0022] The pH of the culture medium may be adjusted by adding compounds such as ammonium hydroxide, potassium
hydroxide, ammonia, phosphoric acid and sulfuric acid to the microorganism culture medium in an appropriate manner
during the culturing. In addition, during the culturing, foaming may be suppressed using an antifoaming agent such as
a fatty acid polyglycol ester. Additionally, to keep the culture medium in an aerobic condition, oxygen or an oxygen-
containing gas (for example, air) may be injected into the culture medium. The temperature of the culture medium may
be generally 20°C to 45°C, for example, 25°C to 40°C. The culturing may be continued until a desired amount of L-
glutamine is produced. For example, the culturing time may be 10 hours to 160 hours.

[0023] The method for producing glutamine may comprise a step of recovering L-glutamine from the cultured micro-
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organism or the medium. The method for recovering L-glutamine is not particularly limited, and L-glutamine may be
recovered using a suitable method known in the art depending on the culture method. Examples of the method for
recovering L-glutamine include centrifugation, filtration, anion exchange chromatography, crystallization, HPLC, and the
like.

Advantageous Effects

[0024] Since the glutamine synthetase expressed by the strain according to one embodiment is less feedback-inhibited
by ATase, it may significantly increase glutamine production.

Brief Description of Drawings
[0025]

FIG. 1 shows a mechanism in which the activity of glutamine synthetase is regulated.
FIG. 2 shows a pk19ms/AgInA vector according to one embodiment.

FIG. 3 shows a pk19ms/AgInE vector according to one embodiment.

FIG. 4 shows a pa’-gInA(ATCC13032) vector according to one embodiment.

FIG. 5 shows a pa’-gInA(KFCC10694) vector according to one embodiment.

Mode for Invention

[0026] Hereinafter, one or more embodiments will be described in more detail with reference to examples. However,
these examples are for illustrating one or more embodiments, and the scope of the present invention is not limited to
these examples, but the scope is defined by the claims.

Example 1: Construction of vectors for deletion of gInA and gInE genes on KFCC-10694 chromosome

[0027] As materials for vector construction, Wizard genomic DNA purification kit (Promega, USA), PrimeSTAR Max
DNA polymerase (Takara, Japan), DNA ligation kit (Takara, Japan), and Hindlll and BamHI (NEB, England) were used.

1-1. Construction of vector for deletion of ginA

[0028] Using the chromosomal DNA of a KFCC-10694 strain (Corynebacterium glutamicum MWM-891020) as a tem-
plate, PCR was performed with primer 1 and primer 2 to obtain an amplification product of the left arm of gInA of KFCC-
10694. Similarly, PCR was performed with primer 3 and primer 4 to obtain an amplification product of the right arm of gInA.
[0029] The amplification products of the left arm and right arm of gInA were subjected to crossover PCR with a
combination of primer 1 and primer 4 to obtain an amplification product in which the left arm and the right arm were
ligated together. The obtained amplification product was inserted into the BamHI site of a pK19mobSacB vector. The
constructed vector for deletion of gInA was named pK19ms/AgInA (see FIG. 2).

1-2. Construction of vector for deletion of ginE

[0030] In the same manner as construction of the vector for deletion of ginA, PCR was performed with a combination
of primer 5 and primer 6 to obtain an amplification product of the left arm of gInE of KFCC-10694, and PCR was performed
with a combination of primer 7 and primer 8 to obtain an amplification product of the right arm of gInE.

[0031] The amplification products of the left arm and right arm of gInE were amplified by crossover PCR using a
combination of primer 5 and primer 8 to obtain an amplification product in which the left arm and the right arm were
ligated together. The amplification product was inserted into the Hindlll site of a pK19mobSacB vector. The constructed
vector for deletion of gInE was named pK19ms/AgInE (see FIG. 3).

[0032] Table 1 below shows information on the ginA of KFCC-10694, the gInE of KFCC-10694, and the nucleotide
sequences of primers 1 to 8.

[Table 1]
Primer SEQID NO | Sequence (5—3’)
Primer 1 5 GGGATCCATACCCAAGATGGCATGG
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(continued)
Primer SEQID NO | Sequence (5—3’)
Primer 2 6 GCTGGAGGATTTAGATTTGGTGACTCCTCATTGACA
Primer 3 7 TGTCAATGAGGAGTCACCAAATCTAAATCCTCCAGC
Primer 4 8 GGGATCCCTTAAAAAGCTTTTCGAC
Primer 5 9 GGAAGCTTCTTGACCTGCATGATCTCG
Primer 6 10 GCCAATCGAGAACGCATGCCCACTACTTTACGGTCA
Primer 7 11 ATGACCGTAAAGTAGTGGGCATGCGTTCTCGATTGGC
Primer 8 12 GGAAGCTTTACACCAACCACAACTGC

Example 2: Construction of two vectors overexpressing ginA

[0033] Using the ginA gene DNA of ATCC13032 as a template, PCR was performed with a combination of primer 9
and primer 10 to obtain a gInA(AT) amplification product.

[0034] Separately, using the gInA gene DNA of KFCC10694 as a template, PCR was performed with a combination
of primer 11 and primer 12 to obtain a gInA(KF) amplification product.

[0035] As a result of examining the homology between the gInA(AT) and the gInA(KF), it was confirmed that the
nucleotide sequence homology was only 88.2% and the amino acid sequence homology was only 93.7%. The amino
acid sequences and nucleotide sequences of gInA (AT) and gInA(KF) are shown in Table 2 below.

[Table 2]
SEQ
List ID Sequence information
NO
KECC10694 GS amino VAFNTPEEIVKFIKDENVEFVDVRFIDVPGTEQHFSIPAALFD

acid
EEAIEEGLAFDGSSIRGFTTIDESDMNLLPDLGTATIDPFRKAK

TLNIKFFVHDPFTREAFSRDPRNVARKAEQYLASTGIADTCNF
GAEAEFYLFDSVRYSTDINSSFYHVDTNEGWWNRGRETNLD
GTPNLGAKNRVKGGYFPVAPYDQTVEIRDDMVNYLSNAGF

QLERFHHEVGGGQQEINYRFNTMLHAADDIQTFKYIIKNTAH
LHGKTATFMPKPLAGDNGSGMHAHQSLWKDGKPLFHDESG
YAGLSDIARY YIGGILHHAGAVLAFINPTLNSYHRLVPGFEA

PINLVYSQRNRSAAVRIPITGSNPKAKRIEFRAPDPSGNPYFGF
AAMMMAGLDGIKNRIEPHAPVDKDLYELPPEEA ASIPQAPTS

LEASLKALQEDSDFLTESDVFTEDLIESYIQYKYDNEITPVRLR

PTPQEFEMYFDC
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(continued)

List

SEQ
ID
NO

Sequence information

KFCC10694 gInA
nucleotide

GTGGCGTTTAATACCCCGGAAGAAATAGTCAAGTTCATCA

AAGACGAGAACGTCGA

ATTCGTAGACGTTCGCTTCACCGATGTACCAGGAACTGAA

CAGCACTTCAGCATCC

CAGCCGCCCTCTTCGATGAAGAGGCCATCGAAGAAGGCCT

AGCATTCGACGGATCC

TCGATCCGCGGATTCACCACCATCGATGAGTCTGACATGA

ACCTCCTACCAGACCT

CGGAACTGCCACCATTGACCCGTTCCGCAAGGCCAAGACT

CTGAACATCAAGTTCT

TCGTTCATGATCCATTCACCCGCGAAGCTTTCTCCCGCGAC

CCACGCAATGTGGCA

CGCAAGGCAGAGCAGTACCTCGCCTCCACCGGCATTGCAG

ATACCTGCAACTTCGG
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(continued)

List

SEQ
1D
NO

Sequence information

CGCAGAAGCCGAGTTCTACCTCTTTGATTCAGTCCGCTACT

CCACCGATATTAACT

CCAGCTTCTACCACGTTGATACCAATGAAGGCTGGTGGAA

CCGTGGCCGGGAAACC

AACCTTGATGGCACCCCAAACCTTGGCGCCAAGAACCGTG

TCAAGGGCGGATACTT

CCCTGTTGCACCATATGACCAAACCGTGGAAATCCGCGAT

GATATGGTCAACTACC

TCTCAAACGCTGGTTTCCAACTTGAGCGTTTCCACCACGAC

GTCGGCGGTGGACAG

CAGGAGATCAACTACCGCTTCAACACCATGCTGCACGCGG

CTGATGATATTCAGAC

ATTCAAGTACATCATCAAGAACACCGCTCACCTCCACGGC

AAGACCGCAACCTTTA

TGCCTAAGCCACTGGCTGGCGACAACGGCTCTGGAATGCA

CGCACACCAGTCCCTA

TGGAAGGACGGCAAGCCACTCTTCCACGATGAGTCCGGTT

ACGCAGGCCTATCTGA

CATCGCCCGCTACTACATTGGTGGCATCCTGCACCACGCA

GGTGCAGTATTGGCGT

TCACCAACCCAACCCTGAACTCCTACCACCGTTTAGTTCCT

GGCTTCGAGGCGCCA

ATCAACTTGGTGTACTCCCAGCGCAACCGCTCTGCTGCTGT
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(continued)

List

SEQ
ID
NO

Sequence information

ACGTATCCCAATCAC

CGGATCCAACCCAAAGGCAAAGCGCATCGAGTTCCGCGCT

CCGGACCCATCAGGCA

ACCCATACTTCGGCTTCGCTGCCATGATGATGGCTGGCCTT

GACGGCATCAAGAAC

CGCATCGAGCCACACGCACCAGTGGATAAGGATCTCTACG

AGCTTCCACCAGAGGA

AGCTGCCTCCATCCCACAGGCTCCAACCTCCCTTGAAGCTT

CATTGAAGGCTCTTC

AGGAAGATTCCGACTTCCTCACCGAGTCTGATGTCTTCACC

GAAGATCTCATCGAG

TCCTACATCCAGTACAAGTACGACAACGAGATCACCCCAG

ITCCGTTTGCGCCCAAC

TCCTCAAGAGTTCGAAATGTACTTCGACTGCTAA
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(continued)

List

SEQ
ID
NO

Sequence information

ATCC 13032 GS amino
acid

VAFETPEEIVKFIKDENVEFVDVRFIDLPGTEQHFSIPAASFDA
DTIEEGLAFDGSSIRGFTTIDESDMNLLPDLGTATLDPFRKAK
TLNVKFFVHDPFTREAFSRDPRNVARKAEQYLASTGIADTCN
FGAEAEFYLFDSVRYSTEMNSGFYEVDTEEGWWNRGKETNL
DGTPNLGAKNRVKGGYFPVAPYDQTVDVRDDMVRNLAASG
FALERFHHEVGGGQQEINYRFNTMLHAADDIQTFKYIIKNTA
RLHGKAATFMPKPLAGDNGSGMHAHQSLWKDGKPLFHDES
GYAGLSDIARY YIGGILHHAGAVLAFINATLNSYHRLVPGFE

APINLVYSQRNRSAAVRIPITGSNPKAKRIEFRAPDPSGNPYLG

FAAMMMAGLDGIKNRIEPHAPVDKDLYELPPEEAASIPQAPT
SLEASLKALQEDTDFLTESDVFTEDLIEAYIQYKYDNEISPVR

LRPTPQEFELYFDC

10
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(continued)

List

SEQ
ID
NO

Sequence information

ATCC 13032 glinA
nucleotide

GTGGCGTTTGAAACCCCGGAAGAAATTGTCAAGTTCATCA

AGGATGAAAACGTCGA

GTTCGTTGACGTTCGATTCACCGACCTTCCCGGCACCGAGC

AGCACTTCAGCATCC

CAGCTGCCAGCTTCGATGCAGATACAATCGAAGAAGGTCT

CGCATTCGACGGATCC

TCGATCCGTGGCTTCACCACGATCGACGAATCTGACATGA

ATCTCCTGCCAGACCT

CGGAACGGCCACCCTTGATCCATTCCGCAAGGCAAAGACC

CTGAACGTTAAGTTCT

TCGTTCACGATCCTTTCACCCGCGAGGCATTCTCCCGCGAC

CCACGCAACGTGGCA

CGCAAGGCAGAGCAGTACCTGGCATCCACCGGCATTGCAG

ACACCTGCAACTTCGG

CGCCGAGGCTGAGTTCTACCTCTTCGACTCCGTTCGCTACT

CCACCGAGATGAACT

CCGGCTTCTACGAAGTAGATACCGAAGAAGGCTGGTGGAA

CCGTGGCAAGGAAACC

AACCTCGACGGCACCCCAAACCTGGGCGCAAAGAACCGC

GTCAAGGGTGGCTACTT

1"
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(continued)

List

SEQ
1D
NO

Sequence information

CCCAGTAGCACCATACGACCAAACCGTTGACGTGCGCGAT

GACATGGTTCGCAACC

TCGCAGCTTCCGGCTTCGCTCTTGAGCGTTTCCACCACGAA

GTCGGTGGCGGACAG

CAGGAAATCAACTACCGCTTCAACACCATGCTCCACGCGG

CAGATGATATCCAGAC

CTTCAAGTACATCATCAAGAACACCGCTCGCCTCCACGGC

AAGGCTGCAACCTTCA

TGCCTAAGCCACTGGCTGGCGACAACGGTTCCGGCATGCA

CGCTCACCAGTCCCTC

TGGAAGGACGGCAAGCCACTCTTCCACGATGAGTCCGGCT

ACGCAGGCCTGTCCGA

CATCGCCCGCTACTACATCGGCGGCATCCTGCACCACGCA

GGCGCTGTTCTGGCGT

TCACCAACGCAACCCTGAACTCCTACCACCGTCTGGTTCC

AGGCTTCGAGGCTCCA

ATCAACCTGGTGTACTCACAGCGCAACCGTTCCGCTGCTG

TCCGTATCCCAATCAC

CGGATCCAACCCGAAGGCAAAGCGCATCGAATTCCGCGCT

CCAGACCCATCAGGCA

ACCCATACCTGGGCTTTGCAGCGATGATGATGGCCGGCCT

CGACGGCATCAAGAAC

CGCATCGAGCCACACGCTCCAGTGGACAAGGACCTCTACG

12
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(continued)
SEQ
List ID Sequence information
NO
AACTACCACCAGAGGA

AGCTGCATCCATTCCACAGGCACCAACCTCCCTGGAAGCA

TCCCTGAAGGCACTGC

AGGAAGACACCGACTTCCTCACCGAGTCTGACGTCTTCAC

CGAGGATCTCATCGAG

GCGTACATCCAGTACAAGTACGACAACGAGATCTCCCCAG

ITCGCCTGCGCCCAAC

CCCGCAGGAATTCGAATTGTACTTCGACTGCTAA

[0036] As sod promoters, a first sod promoter amplification product was obtained by amplifying the chromosomal DNA
of ATCC13032 as a template using a combination of primer 13 (forward) and primer 14 (backward), and a second sod
promoter amplification product was obtained by amplifying the chromosomal DNA of ATCC13032 as a template using
a combination of primer 13 (forward) and primer 15 (backward). The reason why primers 14 and 15 were used separately
as the reverse primers (backward) is because of the difference in the glnA sequence, and the sod promoter sequences
are the same (see gggtaaaaaatcctttcg in Table 3 below).

[0037] As rrBT1T2 transcription terminator sequences, a first rrnBT1T2 amplification product was obtained by am-
plifying the chromosomal DNA of E. coli DH5a as a template using a combination of primer 16 (forward) and primer 17
(backward), and a second 2 rrnBT1T2 amplification product was obtained by amplifying the chromosomal DNA of E.
coli DH5a using a combination of primer 18 (backward) and primer 17 (backward). The reason why primers 16 and 18
were used separately as the forward primers is because of the difference in the glnA sequence, and the transcription
terminator sequences are the same (see agaatttgcctggcggca in Table 3 below).

[0038] The first sod promoter amplification product, gInA(AT), and the first rrnBT1T2 terminator amplification product
were inserted into the BamHI site in a pa’ vector, which is an E. coli-Corynebacterium shuttle vector, by performing
crossover PCR using a combination of primer 13 and primer 17, thereby constructing a pa’-gInA(AT) vector (see FIG. 4).
[0039] Similarly, the second sod promoter amplification product, gInA(KF), and the second rrnBT1T2 terminator am-
plification product were inserted into the BamHI site in a pa’ vector, which is an E. coli-Corynebacterium shuttle vector,
by performing crossover PCR using a combination of primer 13 and primer 17, thereby constructing a pa’-gInA(KF)
vector (see FIG. 5).

[0040] Experimental materials used in Example 2 were PrimeSTAR Max DNA Polymerase (Takara, Japan), DNA
ligation kit (Takara, Japan), and BamHI (NEB, England).

[0041] The nucleotide sequences of primers 9 to 18 are shown in Table 3 below.

[Table 3]
Primer SEQ ID NO | Sequence (5—>3’)
Primer9 | 13 CGAAAGGATTTTTTACCCGTGGCGTTTGAAACCCCG
Primer10 | 14 TGCCGCCAGGCAAATTCTTTAGCAGTCGAAGTACAA
Primer11 | 15 CGAAAGGATTTTTTACCCGTGGCGTTTAATACCCCGG
Primer12 | 16 CTGCCGCCAGGCAAATTCTTTAGCAGTCGAAGTACAT
Primer13 | 17 GGGATCCAGCTGCCAATTATTCCGGG
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(continued)
Primer SEQ ID NO | Sequence (5—>3)
Primer14 | 18 CGGGGTTTCAAACGCCACGGGTAAAAAATCCTTTCG
Primer15 | 19 CCGGGGTATTAAACGCCACGGGTAAAAAATCCTTTCG
Primer16 | 20 TTGTACTTCGACTGCTAAAGAATTTGCCTGGCGGCA
Primer17 | 21 GGGATCCTTCGTTTTATTTGATGCC
Primer18 | 22 ATGTACTTCGACTGCTAAAGAATTTGCCTGGCGGCAG

Example 3: Construction of KFCC10694 strain containing deletion of glnA gene and/or gInE gene

[0042] The pK19ms/AgInA vector constructed in Example 1 was introduced by electroporation into competent cells
of the KFCC10694 strain, and the cells were plated on 2YT KM AGAR medium, and then cultured in an incubator at
30°C for 4 days to obtain colonies. Among the colonies in which the first homologous recombination was induced, the
transformed colonies were cultured in 2YT liquid medium for 12 hours, and then plated on 2YT sucrose GM agar medium,
and the antibiotic marker was removed by the second homologous recombination. Whether the ginA gene was removed
as intended was finally checked by subjecting the selected colony to PCR and sequencing. The gInA gene-deleted strain
constructed through the above-described process was named D 10694A.

[0043] In the same manner, the pK19ms/AgInE vector constructed in Example 1 was introduced into the D10694A
strain, thereby constructing a strain containing deletion of both gInA and gInE genes. The medium used in this experiment
contained glutamine at a concentration of 100 mg/L. The strain containing deletion of both gInA and gInE genes, con-
structed through the above-described process, was named D10694AE.

[0044] Experimental materials used in Example 3 were 2YT agar (16 g/L tryptone, 10 g/L yeast extract, 5 g/L NaCl,
1.5% agar), 2YT KM agar (2YT agar, 15 mg/L kanamycine), 2YT sucrose GM agar (2YT agar, 100 g/L sucrose, 100
mg/L glutamine), and electrophorator (BIO-RAD, USA).

Example 4: Construction of strain into which pa’-gInA(AT) vector or pa’-gInA(KF) vector has been introduced

[0045] Each of the pa’-gInA(ATCC13032) vector and pa’-gInA(KFCC10694) vector constructed in Example 2 was
introduced by electroporation into each of the D10694A and D10694AE strains constructed in Example 3. Each of the
strains into which each of the vectors has been introduced was plated on 2YT KM AGAR medium and cultured for 3
days in an incubator at 30°C to obtain colonies. The strains constructed through the above-described process were
named D10694A/pa-gInA(AT), D10694A/pa-ginA(KF), D10694AE/pa-gInA(AT), and D10694AE/pa-gInA(KF), respec-
tively.

[0046] Experimental materials used in Example 4 were 2YT agar (16 g/L tryptone, 10 g/L yeast extract, 5 g/L NaCl,
1.5% agar), 2YT KM agar (2YT agar, 15 mg/L kanamycine), and electrophorator (BIO-RAD, USA).

Example 5: Analysis of glutamine productivities of strains constructed in Example 4

[0047] 20 mlofseed medium was dispensed into 500-ml Erlenmeyer flasks and autoclaved according to a conventional
method, and then each of the strains was inoculated into the medium and cultured with shaking at 30°C for 24 hours to
obtain seed cultures. 100 ml of production medium was dispensed into 500-ml Erlenmeyer flasks and autoclaved ac-
cording to a conventional method, and then 100 ml of each of the previously prepared seed cultures was inoculated into
the medium and cultured with shaking at 30°C for 72 hours. For comparison of productivity with the D10694A and
D10694AE strains, 100 mg/L of glutamine was added to the medium. After completion of the culturing, determination of
the L-glutamine content in each of the cultures was performed by a conventional HPLC method.

[0048] The experimental results for glutamine productivity are shown in Table 4 below.

[Table 4]
Strain name OD(1/100) | A(L-GLN(%))
KFCC10694 3.256 3.56
D10694A (ginA-deleted) 3.135 n.d.
D10694AE (glnA- and gInE-deleted) | 3.185 n.d.
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(continued)
Strain name OD(1/100) | A(L-GLN(%))
D10694A/Pa-gInA(AT) 3.138 1.97
D10694A/Pa-gInA(KF) 3.202 5.24
D10694AE/Pa-gInA(AT) 0.209 3.88
D10694AE/Pa-gInA(KF) 0.217 5.31

[0049] The experimental results in Table 4 above showed that the D10694A strain and D10694AE strain did not
produce L-glutamine due to deletion of gInA (GS expression gene).

[0050] Regarding the glutamine productivities of D10694A/Pa-gIinA (AT) and D10694A/Pa-gIinA (KF) in Table 4, the
L-glutamine productivity of D10694A/Pa-gInA(AT) decreased compared to that of the parent strain KFCC 10694, whereas
the L-glutamine productivity of D10694A/Pa-gInA(KF) increased compared to that of the parent strain KFCC10694.
Although the same sod promoter was introduced into the two strains, the L-glutamine productivity was significantly higher
when ginA(KF) was introduced than when gInA(AT) was introduced. This suggests that there is a difference in the extent
of feedback inhibition between gInA(AT) and gInA(KF).

[0051] As aresult of examining the L-glutamine productivities of D10694AE/Pa-gInA(AT) and D10694AE/Pa-gInA(KF)
that do not undergo feedback inhibition due to ATase inactivation, it could be seen that the L-glutamine productivity of
the D10694AE/Pa-gInA(AT) strain was about 1.91% higher than that of the D10694A/Pa-gInA(AT) strain, indicating that
there was a significant difference in L-glutamine productivity depending on the presence or absence of ATase activity.
However, it could be seen that the L-glutamine productivity of the D10694AE/Pa-gInA(KF) strain increased by 0.07%
compared to that of the D10694A/Pa-gInA(KF) strain, but the extent of the increase was not significant, indicating that
the difference in L-glutamine productivity depending on the presence or absence of ATase activity was not significant.
This means that gInA(KF) is less feedback-inhibited by ATase.

[0052] More specifically, the D10694A/Pa-gInA(KF) strain showed an increase in productivity of about 47% compared
to the parent strain, and the D10694AE/Pa-gInA(KF) strain showed an increase in productivity of about 49% compared
to the parent strain. What is noteworthy here is that the productivity difference between D10694A/Pa-gInA(KF) and
D10694AE/Pa-gInA(KF) compared to the parent strain was only 2%, which was insignificant. Although D10694AE/Pa-
gInA(KF) additionally lacked the gInE gene involved in the feedback inhibition of GS, the increase in glutamine productivity
of D10694AE/Pa-gInA(KF) from that of the parent strain was only 2% compared to the increase in glutamine productivity
of D10694A/Pa-ginA(KF) from that of the parent strain, indicating that the difference in glutamine productivity depending
on the presence or absence of ATase activity was not significant. This suggests that the increase in productivity by
introduction of gInA(KF) was not simply due to contribution of the sod promoter, but was due to contribution of the
resistance of gInA(KF) to feedback inhibition.

Claims

1. A vector for transformation containing a nucleotide sequence encoding a glutamine synthetase consisting of the
amino acid sequence of SEQ ID NO: 1.

2. Thevectorofclaim 1, wherein the nucleotide sequence encoding the glutamine synthetase consists of SEQ ID NO: 2.

3. The vector of claim 1, containing a promoter operably linked to the nucleotide sequence encoding the glutamine
synthetase.

4. The vector of claim 1, containing a transcription terminator sequence operably linked to the nucleotide sequence
encoding the glutamine synthetase.

5. A strain transformed with the vector for transformation according to claim 1.
6. The strain of claim 5, wherein expression of a native gInE gene in the strain has been inactivated.
7. The strain of claim 5, which is Corynebacterium glutamicum.

8. A method for producing glutamine comprising a step of culturing the strain of claim 5.
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Patentanspriiche

1. Vektor zur Transformation, enthaltend eine Nukleotidsequenz, die eine Glutaminsynthetase codiert, die aus der
Aminosauresequenz unter SEQ ID NO: 1 besteht.

2. Vektornach Anspruch 1, wobeidie Nukleotidsequenz, die die Glutaminsynthetase codiert, aus SEQ ID NO: 2 besteht.

3. Vektor nach Anspruch 1, enthaltend einen Promotor in operativer Verkniipfung mit der Nukleotidsequenz, die die
Glutaminsynthetase codiert.

4. Vektor nach Anspruch 1, enthaltend eine Transkriptionsterminatorsequenz in operativer Verknlpfung mit der Nuk-
leotidsequenz, die die Glutaminsynthetase codiert.

5. Stamm, transformiert mit dem Vektor zur Transformation gemaR Anspruch 1.
6. Stamm nach Anspruch 5, wobei die Expression eines nativen gInE-Gens in dem Stamm inaktiviert wurde.
7. Stamm nach Anspruch 5, bei dem es sich um Corynebacterium glutamicum handelt.

8. Verfahren zur Herstellung von Glutamin, umfassend einen Schritt, bei dem der Stamm nach Anspruch 5 kultiviert wird.

Revendications

1. Vecteur pour transformation contenant une séquence de nucléotides codant pour une glutamine synthétase cons-
tituée de la séquence d’acides aminés de la SEQ ID NO: 1.

2. Vecteur selon la revendication 1, la séquence de nucléotides codant pour la glutamine synthétase étant constituée
de la SEQ ID NO: 2.

3. Vecteur selon la revendication 1, contenant un promoteur lié de maniére fonctionnelle a la séquence de nucléotides
codant pour la glutamine synthétase.

4. Vecteur selon la revendication 1, contenant une séquence de terminateur de transcription liée de maniére fonction-
nelle a la séquence de nucléotides codant pour la glutamine synthétase.

5. Souche transformée par le vecteur pour transformation selon la revendication 1.
6. Souche selon la revendication 5, I'expression d’un gene gInE natif dans la souche ayant été inactivée.
7. Souche selon la revendication 5, qui est Corynebacterium glutamicum.

8. Procédé pour la production de glutamine comprenant une étape de culture de la souche selon la revendication 5.
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Fig. 1

Pll < > PlI-UMP
active form Ingctive form
GS v vGS-AMP
1 ATase A'rasel
GS—-AMP GS

Inactive form active form

17



EP 4 130 255 B1

Fig. 2
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Fig. 3
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Fig. 4
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Fig. 5
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